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Foreword 



MIT Lincoln Laboratory was founded in 1951 to develop a strategic air-defense system for 
the United States. The Laboratory engineers of that era quickly found that ground clutter 
greatly limited the performance of their radars. Consequently, they pioneered the 
development of Doppler processing techniques and later digital processing techniques to 
mitigate the effects of ground clutter. The Laboratory returned to the problem of air 
defense in the late 1970s with a major program to assess and ensure the survivability of 
U.S. cruise missiles. Once again ground clutter proved an important issue because a low- 
flying, low-observable cruise missile could hide in ground clutter and escape radar 
detection. The new challenge was to confidently predict low-grazing angle ground clutter 
for any number of specific sites with widely varying topographies. But the understanding 
of clutter phenomena at this time certainly did not permit these predictions. Therefore, 
with the early support of the Defense Advanced Research Projects Agency and later with 
the support of the United States Air Force, the Laboratory set out to make a major 
improvement in our understanding of ground clutter as seen by ground radars. 

Barrie Billingsley was the principal researcher at the start and I was the director of the 
overall Laboratory program. I recall telling Barrie to archive his data, document his 
experiments, calibrate his radars, and collect ground truth on his many test sites so that he 
could write the definitive textbook on low grazing angle ground clutter when our program 
was finished. I would say that Barrie has delivered magnificently on this challenge. I am 
delighted to see over 300 directly applicable charts characterizing ground clutter 
backscatter in this book. 

I confess that I had expected this book to appear about 10 years after the start, not 20 years. 
The long gestation period reflects the enormous technical problem of capturing what really 
happens at low grazing angles and the fact that Barrie Billingsley is an extremely 
meticulous and persistent researcher. He did stretch the patience of successive Lincoln 
Laboratory program managers, but he pulled it off by teasing us each year with additional 
insights into these complex clutter phenomena. We greatly admired his research abilities 
and his dedication to the task of unfolding the mystery of low grazing angle ground clutter. 
We had heard the violins and the horns and the woodwinds before, but now we could 
understand the whole orchestration — how frequency, terrain, propagation, resolution, and 
polarization all operated together to produce the complex result we had witnessed but did 
not understand. 

My congratulations to Barrie for this grand accomplishment — a book that will serve 
engineers and scientists for many years to come. My congratulations also to his 
collaborators and the long sequence of Lincoln Laboratory program managers who 
supported Barrie in this most important endeavor. My thanks to the Defense Advanced 
Research Projects Agency and United States Air Force for their enlightened support and 
management of this program. It is not very often in the defense research business that we 
get to complete and beautifully wrap a wonderful piece of scientific research. Enjoy! 

— William P. Delaney 
Pine Island, Meredith, New Hampshire 
November 2001 




Radar land clutter constitutes the unwanted radar echoes returned from the earth’s surface 
that compete against and interfere with the desired echoes returned from targets of 
interest, such as aircraft or other moving or stationary objects. To be able to 
knowledgeably design and predict the performance of radars operating to provide 
surveillance of airspace, detection and tracking of targets, and other functions in land 
clutter backgrounds out to the radar horizon, radar engineers require accurate descriptions 
of the strengths of the land clutter returns and their statistical attributes as they vary from 
pulse to pulse and cell to cell. The problem of bringing statistical order and predictability 
to land clutter is particularly onerous at the low angles (at or near grazing incidence) at 
which surface-sited radars illuminate the clutter-producing terrain, where the fundamental 
difficulty arising from the essentially infinite variability of composite terrain is 
exacerbated by such effects as specularity against discrete clutter sources and intermittent 
shadowing. Thus, predicting the effects of low-angle land clutter in surface radar was for 
many years a major unsolved problem in radar technology. 

Based on the results of a 20-year program of measuring and investigating low-angle land 
clutter carried out at Lincoln Laboratory, Massachusetts Institute of Technology, this book 
advances the state of understanding so as to “solve the low-angle clutter problem’’ in many 
important respects. The book thoroughly documents all important results of the Lincoln 
Laboratory clutter program. These results enable the user to predict land clutter effects in 
surface radar. 

This book is comprehensive in addressing the specific topic of low-angle land clutter 
phenomenology. It contains many interrelated results, each important in its own right, and 
unifies and integrates them so as to add up to a work of significant technological innovation 
and consequence. Mean clutter strength is specified for most important terrain types (e.g., 
forest, farmland, mountains, desert, urban, etc.). Information is also provided specifying 
the statistical distributions of clutter strength, necessary for determining probabilities of 
detection and false alarm against targets in clutter backgrounds. The totality of clutter 
modeling information so presented is parameterized, not only by the type of terrain giving 
rise to the clutter returns, but also (and importantly) by the angle at which the radar 
illuminates the ground and by such important radar parameters as carrier frequency, spatial 
resolution, and polarization. This information is put forward in terms of empirical clutter 
models. These include a Weibull statistical model for prediction of clutter strength and an 
exponential model for the prediction of clutter Doppler spreading due to wind-induced 
intrinsic clutter motion. Also included are analyses and results indicating, given the 
strength and spreading of clutter, to what extent various techniques of clutter cancellation 
can reduce the effects of clutter on target detection performance. 

The empirically-derived clutter modeling information thus provided in this book utilizes 
easy-to-understand formats and easy-to-implement models. Each of the six chapters is 
essentially self-contained, although reading them consecutively provides an iterative 
pedagogical approach that allows the ideas underlying the finalized modeling information 
of Chapters 5 and 6 to be fully explored. No difficult mathematics exist to prevent easy 




xvi Preface 



assimilation of the subject matter of each chapter by the reader. The technical writing style 
is formal and dedicated to maximizing clarity and conciseness of presentation. Meticulous 
attention is paid to accuracy, consistency, and correctness of results. No further prerequisite 
requirements are necessary beyond the normal knowledge base of the working radar 
engineer (or student) to access the information of this book. A fortuitous combination of 
national political, technological, and economic circumstances occurring in the late 1970s 
and early 1980s allowed the Lincoln Laboratory land clutter measurement project to be 
implemented and thereafter continued in studies and analysis over a 20-year period. It is 
highly unlikely that another program of the scope of the Lincoln Laboratory clutter 
program will take place in the foreseeable future. Future clutter measurement programs are 
expected to build on or extend the information of this book in defined specific directions, 
rather than supersede this information. Thus this book is expected to be of long-lasting 
significance and to be a definitive work and standard reference on the subject of land clutter 
phenomenology. 

A number of individuals and organizations provided significant contributions to the Phase 
Zero/Phase One land clutter measurements and modeling program at Lincoln Laboratory 
and consequently towards bringing this book into existence and affecting its final form and 
contents. This program commenced at Lincoln Laboratory in 1978 under sponsorship from 
the Defense Advanced Research Projects Agency. The United States Air Force began joint 
sponsorship several years into the program and subsequently assumed full sponsorship over 
the longer period of its complete duration. The program was originally conceived by Mr. 
William P. Delaney of Lincoln Laboratory, and largely came into focus in a short 1977 
DARPA/USAF-sponsored summer study requested by the Department of Defense and 
directed by Mr. Delaney. The Phase Zero/Phase One program was first managed at Lincoln 
Laboratory by Mr. Carl E. Nielsen Jr. and by Dr. David L. Briggs, and subsequently by Dr. 
Lewis A. Thurman and Dr. Curtis W. Davis III. 

Early site selection studies for the Phase Zero/Phase One program indicated the desirability 
of focusing measurements in terrain of relatively low relief and at northern latitudes such as 
generally occurs in the prairie provinces of western Canada. As a result, a Memorandum of 
Understanding (MOU) was established between the United States and Canada 
implementing a joint clutter measurements program in which Canada, through Defence 
Research Establishment Ottawa, was to provide logistics support and share in the measured 
data and results. Dr. Hing C. Chan was the principal investigator of the clutter data at 
DREO. Dr. Chan became a close and valued member of the Phase One community; many 
useful discussions and interactions concerning the measured clutter data and its analysis 
occurred between Dr. Chan and the author down to the time of present writing. Substantial 
contracted data analysis support activity was provided to Dr. Chan by AIT Corporation, 
Ottawa. Information descriptive of the terrain at the clutter measurement sites was provided 
in a succession of contracted studies at Intera Information Technologies Ltd., Calgary. 

The government of the United Kingdom through its Defence Evaluation Research Agency 
became interested in the Lincoln Laboratory clutter program shortly after its 
commencement. DERA subsequently became involved in the analysis of Phase One clutter 
data under the aegis of The Technical Cooperation Program (TTCP), an international 
defense science technical information exchange program. The U.S./Canada MOU was 
terminated at the completion of measurements, and the sharing of the measurement data 
and its analysis was thereafter continued between all three countries under TTCP. 
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Significant analyses of selected subsets of the Phase One measurement data occurred with 
DERA sponsorship in the U.K. at Smith Associates Limited and at GEC Marconi Research 
Centre. The principal coordinator of these interactions at DERA was Mr. Robert A. 
Blinston. Mr. John N. Entzminger Jr., former Director of the Tactical Technology Office at 
DARPA, provided much encouragement to these joint U.S./Canada/U.K. clutter study 
interactions in his role as head of the U.S. delegation to Subgroup K (radar) in TTCP. 

In its early years, the Lincoln Laboratory clutter program was followed by Mr. David K. 
Barton, then of Raytheon Company, now of ANRO Engineering, who stimulated our 
thinking with his insights on the interrelationships of clutter and propagation and 
discussions on approaches to clutter modeling. Also in the early years of the clutter 
program, several interactions with Mr. William L. Simkins of the Air Force Research 
Laboratory, Rome, N.Y., influenced methodology to develop correctly at Lincoln 
Laboratory in such matters as clutter data reduction and intrinsic-motion clutter spectral 
modeling. In the latter years of the Phase One program. Professor Alfonso Farina of Alenia 
Marconi Systems, Italy, became interested in the clutter data. An informal collaboration 
was organized by Professor Farina in which some particular Phase One clutter data sets 
were provided to and studied by him and his colleagues at the University of Pisa and 
University of Rome. These studies were from the point of view of signal processing and 
target detectability in ground clutter backgrounds. A number of jointly-authored technical 
journal papers in the scientific literature resulted. 

The five-frequency Phase One clutter measurement equipment was fabricated by the General 
Electric Co., Syracuse, N.Y. (now part of Lockheed Martin Corporation). Key members of 
the Phase One measurements crew were Harry Dence and Joe Miller of GE, Captain Ken 
Lockhart of the Canadian Forces, and Jerry Anderson of Intera. At Lincoln Laboratory, the 
principal people involved in the management and technical interface with GE were David 
Kettner and John Hartt. The project engineer of the precursor X-band Phase Zero clutter 
program was Ovide Fortier. People who had significant involvement in data reduction and 
computer programming activities include Gerry McCaffrey, Paul Crochetiere, Ken Gregson, 
Peter Briggs, Bill Dustin, Bob Graham-Munn, Carol Bernhard, Kim Jones, Charlotte Schell, 
Louise Moss, and Sharon Kelsey. Dr. Seichoong Chang served in an important consultant 
role in overseeing the accurate calibration of the clutter data. Many informative discussions 
with Dr. Serpil Ayasli helped provide understanding of the significant effects of 
electromagnetic propagation in the clutter data. Application of the resultant clutter models in 
radar system studies took place under the jurisdiction of Dr. John Eidson. 

The original idea that the results of the Lincoln Laboratory clutter program could be the 
basis of a clutter reference book valuable to the radar community at large came from Mr. 
Delaney. Dr. Merrill I. Skolnik, former Superintendent of the Radar Division at the Naval 
Research Laboratory in Washington, D.C., lent his support to this book idea and provided 
encouragement to the author in his efforts to follow through with it. When a first rough 
draft of Chapter 1 of the proposed book became available. Dr. Skolnik kindly read it and 
provided a number of constructive suggestions. Throughout the duration of the clutter book 
project. Dr. Thurman was a never-failing source of positive managerial support and 
insightful counsel to the author on how best to carry the book project forward. Mr. C.E. 
Muehe provided a thorough critical review of the original report material upon which much 
of Chapter 6 is based. Dr. William E. Keicher followed the book project in its later stages 
and provided a technical review of the entire book manuscript. Skillful typing of the 
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original manuscript of this book was patiently and cheerfully performed through its many 
iterations by Gail Kirkwood. Pat DeCuir typed many of the original technical reports upon 
which the book is largely based. Members of the Lincoln Laboratory Publications group 
maintained an always positive and most helpful approach in transforming the original 
rough manuscript into highly finished form. These people in particular include Deborah 
Goodwin, Jennifer Weis, Dorothy Ryan, and Katherine Shackelford. Dudley R. Kay, 
president of SciTech Publishing and vice-president at William Andrew Publishing, and the 
book’s compositors, Lynanne Fowle and Robert Kern at TIPS Technical Publishing, ably 
and proficiently met the many challenges in successfully seeing the book to press. 

It is a particular pleasure for the author to acknowledge the dedicated and invaluable 
assistance provided by Mr. John F. Larrabee (Lockheed Martin Corporation) in the day-to- 
day management, reduction, and analyses of the clutter data at Lincoln Laboratory over the 
full duration of the project. In the latter days of the clutter project involving the production 
of this book, Mr. Larrabee managed the interface to the Lincoln Laboratory Publications 
group and provided meticulous attention to detail in the many necessary iterations required 
in preparing all the figures and tables of the book. Mr. Larrabee recently retired after a long 
professional career in contracted employment at Lincoln Laboratory, at about the time the 
book manuscript was being delivered to the publisher. 

Many others contributed to the land clutter project at Lincoln Laboratory. Lack of explicit 
mention here does not mean that the author is not fully aware of the value of each 
contribution or lessen the debt of gratitude owed to everyone involved in acquiring, 
reducing, and analyzing the clutter data. Although this book was written at Lincoln 
Laboratory, Massachusetts Institute of Technology, under the sponsorship of DARPA and 
the USAF, the opinions, recommendations, and conclusions of the book are those of the 
author and are not necessarily endorsed by the sponsoring agencies. Permissions received 
from the Institute of Electrical and Electronics Engineers, Inc., the Institution of Electrical 
Engineers (U.K.), and The McGraw-Hill Companies to make use of copyrighted materials 
are gratefully acknowledged. Any errors or shortcomings that remain in the material of the 
book are entirely the responsibility of the author. The author sincerely hopes that every 
reader of this book is able to find helpful information within its pages. 



— J. Barrie Billingsley 
Lexington, Massachusetts 
October 2001 
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Overview 



1.1 Introduction 

The performance of surface-sited radar against low-flying targets has been limited by land 
clutter since the earliest days of radar. Consider the beam of such a radar scanning over the 
surrounding terrain and illuminating it at grazing incidence. The amplitudes of the clutter 
returns received from all the spatially distributed resolution cells within the scan coverage 
on the ground vary randomly over extremely wide dynamic ranges, as the interrogating 
pulse encounters the complex variety of surface features and discrete reflecting objects 
comprising or associated with the terrain. The resultant clutter signal varies in a complex 
manner with time and space to interfere with and mask the much weaker target signal in 
the radar receiver. Early ground-based radars of necessity were restricted to operations at 
relatively long ranges beyond the clutter horizon where terrain was not directly 
illuminated. The development of Doppler signal processing techniques allowed radars to 
have capability within clutter regions against larger targets by exploiting the differences in 
frequency of the signal returned from the rapidly moving target compared to that from the 
relatively stationary clutter. However, because the clutter signal is often overwhelmingly 
stronger than the target signal and because of the lack of perfect waveform stability, 
modern pulsed radars often remain severely limited by land clutter residues against small 
targets even after clutter cancellation. 

The need of designers and analysts to accurately predict clutter-limited radar system 
performance led to many attempts to measure and model land clutter over the decades 
following World War II [1-13]. The problem was highly challenging, not just because of 
the variability and wide dynamic range of the clutter at a given site, but also because the 
overall severity of the clutter and resulting system performance varied dramatically from 
site to site. Early clutter measurements, although numerous, tended to be low-budget piece- 
part efforts overly influenced by terrain specificity in each measurement scene. In 
aggregate these efforts led to inconsistent, contradictory, and incomplete results. Early 
clutter models tended to be overly general, modeling clutter simply as a constant 
reflectivity level, or on a spherical but featureless earth, or as a simple function of grazing 
angle. As a result, they did not incorporate features of terrain specificity that dominated 
clutter effects at real sites. Thus there was a logical disconnection between models (overly 
general) and measurements (overly specific), and clutter-limited radar performance 
remained unpredictable into the decade of the 1970s. By that time it had become widely 
acknowledged that “there was no generally accepted clutter model available for 
calculation,” and there was “no accepted approach by which a model could be built up” [8J. 
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The middle and late 1970s also saw an emerging era of low-observable technology in 
aircraft design and consequent new demands on air defense capabilities in which liabilities 
imposed by the lack of predictability of clutter-limited surface radar performance were 
much heightened. As a result, a significant new activity was established at Lincoln 
Laboratory in 1978 to advance the scientific understandings of air defense. An important 
initial element of this activity was the requirement to develop an accurate full-scale clutter 
simulation capability that would breach the previous impasse. The goal was to make clutter 
modeling a proper engineering endeavor typified by quantitative comparison of theory with 
measurement, and so allow confident prediction of clutter-limited performance of ground- 
sited radar. 

It was believed on the basis of the historical evidence that a successful approach would 
have to be strongly empirical. To this end, a major new program of land clutter 
measurements was initiated at Lincoln Laboratory [14-18]. To solve the land clutter 
modeling problem, it was understood that the new measurements program would have to 
substantially raise the ante in terms of level of effort and new approaches compared with 
those undertaken in the past. Underlying the key aspect of variability in the low-angle 
clutter phenomenon was the obvious fact that landscape itself was essentially infinitely 
variable — every clutter measurement scenario was different. Rather than seek the general in 
any individual measurement, underlying trends among aggregates of similar measurements 
would be sought. 

In ensuing years, a large volume of coherent mullifrequency land clutter measurement data 
was acquired (using dedicated new measurement instrumentation) from many sites widely 
distributed geographically over the North American continent [14]. A new site-specific 
approach was adopted in model development, based on the use of digitized terrain elevation 
data (DTED) to distinguish between visible and masked regions to the radar, which 
represented an important advance over earlier featureless or sandpaper-earth (i.e., 
statistically rough) constructs [15]. Extensive analysis of the new clutter measurements 
database led to a progression of increasingly accurate statistical clutter models for 
specifying the clutter in visible regions of clutter occurrence. A key requirement in the 
development of the statistical models was that only parametric trends directly observable in 
the measurement data would be employed; any postulated dependencies that could not be 
demonstrated to be statistically significant were discarded. As a result, a number of earlier 
insights into low-angle clutter phenomenology were often understood in a new light and 
employed in a different manner or at a different scale so as to reconcile with what was 
actually observed in the data. In addition, significant new advances in understanding low- 
angle clutter occurred that, when incorporated properly with the modified earlier insights, 
led to a unified statistical approach for modeling low-angle clutter in which all important 
trends observable in the data were reproducible. 

An empirically-based statistical clutter modeling capability now exists at Lincoln 
Laboratory. Clutter-limited performance of surface-sited radar in benign or difficult 
environments is routinely and accurately predicted. Time histories of the signal-to-clutter 
ratios existing in particular radars as they work against particular targets at particular sites 
are computed and closely compared to measurements. Systems computations involving 
tens or hundreds of netted radars are performed in which the ground clutter 1 at each site is 
predicted separately and specifically. Little incentive remains at Lincoln Laboratory to 
develop generic non-site-specific approaches to clutter modeling for the benefit of saving 
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computer time, because the results of generic models lack specific realism and, as a result, 
are difficult to validate. 

This book provides a thorough summary and review of the results obtained in the clutter 
measurements and modeling program at Lincoln Laboratory over a 20-year period. The 
book covers (1) prediction of clutter strength (Weibull statistical model), (2) clutter 
spreading in Doppler (exponential model), and (3) given the strength and spreading of 
clutter, the extent to which various techniques of clutter cancellation (e.g., simple delay- 
line cancellation vs coherent signal processing) can reduce the effects of clutter on target 
detection performance. 



1.2 Historical Review 

Although most surface-sited radars partially suppress land clutter interference from 
surrounding terrain to provide some capability in cluttered spatial regions, the design of 
clutter cancellers requires knowledge of the statistical properties of the clutter, and the 
clutter residues remaining after cancellation can still strongly limit radar performance (see 
Chapter 6, Sections 6.4.4 and 6.5). Because of this importance of land clutter to the 
operations of surface radar, there were very many early attempts [1-9J to measure and 
characterize the phenomenon and bring it into analytic predictability. A literature review of 
the subject of low-angle land clutter as the Lincoln Laboratory clutter measurement 
program commenced found over 100 different preceding measurement programs and over 
300 different reports and journal articles on the subject. There exist many excellent sources 
of review [19-25] of these early efforts and preceding literature. These reviews without 
exception agree on the difficulty of generally characterizing low-angle land clutter. 

The difficulty arises largely because of the complexity and variability of land-surface form 
and the elements of land cover that exist at a scale of radar wavelength (typically, from a 
few meters to a few centimeters or less) over the hundreds or thousands of square 
kilometers of composite terrain that are usually under radar coverage at a typical radar 
site. As a result, the earlier efforts [1-9] to understand low-angle land clutter revealed that 
it was a highly non-Gaussian (i.e., non-noise-like), multifaceted, relatively intractable, 
statistical random process of which the most salient attribute was variability. The 
variability existed at whatever level the phenomenon was observed — pulse-to-pulse, cell- 
to-cell, or site-to-site. 

Other important attributes of the low-angle clutter phenomenon included: patchiness in 
spatial occurrence [3-5]; lack of homogeneity and domination by point-like or spatially 
discrete sources within spatial patches [6-8]; and extremely widely-skewed distributions of 
clutter amplitudes over spatial patches often covering six orders of magnitude or more [1, 
2, 4, 9]. Early efforts to capture these attributes and dependencies in simple clutter models 



1 . This book uses the terms “land clutter” and “ground clutter” interchangeably to refer to the same phenome- 
non. The adjective “land” is more global in reach and distinguishes land clutter from other, generically dif- 
ferent types of clutter such as sea clutter or weather clutter. The adjective “ground” is often used when the 
subject focus is only on ground clutter, and more localized circumstances need to be distinguished, for 
example, the differences in ground clutter from one site to another, or from one area or type of ground to 
another. 

2. Weibull statistics are used as approximations only not rigorous fits to measured clutter spatial ampli- 

tude distributions. See Chapter 2, Section 2.4. 1.1; Chapter 5, Section 5.2.1 and Appendix 5. A. 
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based only on range or illumination angle to the clutter cell were largely unsuccessful in 
being able to predict radar system performance. Figure 1.1 shows a measured plan- 
position-indicator (PP1) clutter map that illustrates to 24-km range at a western prairie site 
the spatial complexity and variability of low-angle land clutter. The fact that the clutter 
does not occur uniformly but is spatially patchy over the region of surveillance is evident in 
this measurement, as is the granularity or discrete-like nature of the clutter such that it often 
occurs in spatially isolated cells over regions where it does occur. 




Figure 1 .1 Measured X-band ground clutter map; Orion, Alberta. Maximum range = 24 km. 
Cells with discernible clutter are shown white. A large clutter patch (i.e., macroregion) to the SSW is 
also shown outlined in white. 



Although the earlier efforts and preceding literature did not lead to a satisfactory clutter 
model, they did in total gradually develop a number of useful insights into the complexity 
of the land clutter phenomenon. Section 1.2 provides a summary of what these insights 
were, and the general approaches extant for attempting to bring the important observables 
of low-angle clutter under predictive constructs, as the Lincoln Laboratory program 
commenced. 

1.2.1 CONSTANT G ° 

Initially, land clutter was conceptualized (unlike Figure 1.1) as arising from a spatially 
homogeneous surface surrounding the radar site, of uniform roughness (like sandpaper) at a 
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scale of radar wavelength to account for clutter backscatter. The backscatter reflectivity of 
this surface was characterized as being a surface-area density function, that is, by a clutter 
coefficient <7 ° defined [20] to be the radar cross section (RCS) of the clutter signal returned 
per unit terrain surface-area within the radar spatial resolution cell (see Section 2. 3. 1.1). 
This characterization implies a power-additive random process, in which each resolution 
cell contains many elemental clutter scatterers of random amplitude and uniformly 
distributed phase, such that the central limit theorem applies and the resultant clutter signal 
is Rayleigh-distributed in amplitude (like thermal noise). 

As conceptualized in this simple manner, land clutter merely acts to uniformly raise the 
noise level in the receiver, the higher noise level being directly determined by G°. A 
selected set of careful measurements of 0° compiled in tables or handbooks for various 
combinations of terrain type (forest, farmland, etc.) and radar parameter (frequency, 
polarization) would allow radar system engineers to straightforwardly calculate signal-to- 
clutter ratios and estimate target detection statistics and other performance measures on the 
basis of clutter statistics being like those of thermal noise, but stronger. Early radar system 
engineering textbooks promoted this view. However, this approach led to frustration in 
practice. Tabularization of G ° into generally accepted, universal values proved elusive. 
Every measurement scenario seemed overly specific. Resulting matrices of 0° numbers 
compiled from different investigators using different measurement instrumentation 
operating at different landscape scales (e.g., long-range scanning surveillance radar vs 
short-range small-spot-size experiments) and employing different data reduction 
procedures were erratic and incomplete, with little evidence of consistency, general trend, 
or connective tissue. 

1.2.2 WIDE CLUTTER AMPLITUDE DISTRIBUTIONS 

Clutter measurements that involved accumulating G ° returns by scanning over a spatially 
continuous neighborhood of generally similar terrain (i.e., clutter patch) found that the 
resulting clutter spatial amplitude distributions were of extreme, highly skewed shapes very 
much wider than Rayleigh [2, 4, 9]. Unlike the narrow fixed-shape Rayleigh distribution 
with its tight mean-to-median ratio of only 1.6 dB, the measured broad distributions were 
of highly variable shapes with mean-to-median ratios as high as 15 or even 30 dB. 

Figure 1 .2 shows five measured clutter histograms from typical clutter patches such as that 
shown in Figure 1.1, illustrating the wide variability in shape and broad spread that occurs 
in such data. Thus in the important aspect of its amplitude distribution, low-angle land 
clutter was decidedly non-noise-like. This fact was at best only awkwardly reconcilable 
with the constant-G ° clutter model. The accompanying shapes of clutter distributions as 
well as their mean G ° levels required specification against radar and environmental 
parameters, compounding the difficulties of compilation. As a result of both sea and land 
clutter measured distributions being wider than Rayleigh, an extensive literature came into 
being that addressed radar detection statistics in non-Rayleigh clutter backgrounds of wide 
spread typically characterizable as lognormal, Weibull, or A'-distri buted [26-31]. However, 
the need continued for a single-point constant-G ° clutter model to provide an average 
indication of signal-to-clutter ratio which left the user with the nebulous question of what 
single value of G ° (e.g., mean, median, mode, etc.) to use to best characterize the wide 
underlying distributions. Some investigators used the mean, others used the median, and it 
was not always clear what was being used since it did not make much difference under 
Rayleigh statistics and the question of underlying distribution was not always raised. 
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Figure 1.2 Histograms of measured clutter strength ©“F 4 from five different clutter patches 
showing wide variability in shape and broad spread. ct° = clutter coefficient (see Section 2. 3. 1.1); 
F = pattern propagation factor (see Section 1.5.4). Black values are receiver noise. 



1.2.3 Spatial Inhomogeneity/Resolution Dependence 

The definition of C ° as an area-density function implies spatial homogeneity of land 
clutter. The underlying necessary condition for the area-density concept to be valid is that 



